Abstract. The present work concerns the nonlinear dynamic behavior of skew plates at large vibration amplitudes with fully clamped edges. The large amplitude free vibration problem is modelled by a set of nonlinear algebraic equations using Hamilton's principle and spectral analysis. The natural frequencies and modes of vibration have been obtained for fully clamped edges for various values of the skew angle. The relationship between the amplitude and frequencies is studied for isotropic skew plates. It was found that the frequencies of non linear vibration increase with increasing amplitude. Numerical details are presented and results are given, corresponding to the linear case and to the nonlinear case for various values of θ and various amplitudes of vibration. The results, compared to the previous ones available in the literature, show a reasonably good agreement.
Introduction
In contemporary structures, skew plates are used in diverse domains, such as stiffened plate, used as floors in bridges, ship hulls, buildings, etc. The simulation of static and dynamic behavior of skew plates is an interesting area of work for researchers. Alwar and Rao (1973) [5] presented a nonlinear analysis of orthotropic skew plates of constant thickness subjected to a uniform transverse load. G. Prathap and T. K. Varadan (1978) [4] studied the large amplitude free flexural vibrations of thin, elastic anisotropic skew plates. Chia (1980) [6] considered the moderately large deflection elastic behaviour of homogenous isotropic and laminated anisotropic rectangular as well as skew plates by analytical methods. Xiang et al. (1995) [7] studied the elastic buckling behaviour of skew Mindlin plate under a shear load. M.K. Singha and Rupesh Daripa (2007) [8] investigate the large amplitude free flexural vibration behavior of symmetrically laminated composite skew plates.
In the present study, we apply the theoretical model developed in [1] to analyze the geometrically nonlinear free dynamic response of an isotropic fully clamped skew plate in order to investigate the effect of nonlinearity on the nonlinear resonance frequency at large vibration amplitudes.
In the present paper, the general formulation of the model for nonlinear vibration of isotropic skew plates at large vibration amplitudes is presented first, and the relationships between the nonlinear resonance frequency ratio and the vibration amplitudes is given for values of the angle θ varying from 0° to 45°. While there are many papers dealing with rectangular plate, as listed in reference, only few papers exist that deal with the large amplitude free flexural vibration of skew plates [4] . In reference [4] , the authors obtained results for the large amplitude free flexural vibrations of thin, elastic anisotropic skew plates, on specializing for an isotropic skew plate and an orthotropic rectangular plate by using the von Karman field equations and the Berger approximation to study a skew plate.
Theoretical formulations
A skew plate with a skew angle θ is shown in Figure 1 . For the large displacement formulation, it is assumed that the material of the plate is elastic, isotropic and homogeneous. The thickness of the plate is considered to be sufficiently small so as to avoid the effect of shear deformation. Also the stress and strain measures are based on the original dimensions of the plate. 
Expression for the bending strain, axial and kinetic energies in the skew plate
The potential energies due to bending and axial strains and the kinetic energy are given in x-y co-ordinate by:
The skew co-ordinates are related to the rectangular coordinate by: ξ=x-y tanθ ; η=y/cosθ. 
where: dA=cosθ dξdη and W (ξ, η, t) is the transverse displacement function.
The plate functions used in the discretisation process are obtained as product of beam functions. The transverse displacement can be written as:
where:
4 ξ, 6 = 9 : 4 : ξ, 6
The discretization and the non dimensional formulation is made as follows: The results and comparisons are summarized in Tables 1, 2 and 3 . A satisfactory agreement can be noticed in spite of the little difference observed in the results, which may be due to use of the Berger approximation enforcing the immovable boundary condition in an averaged manner [4] whereas there is no such approximation involved in the present work. 
Conclusion
The theoretical model for thin elastic skew plate at large displacement has been developed and numerical results have been obtained for the nonlinear frequency amplitude dependence. Good agreement has been found between the nonlinear frequencies of the first mode from the present method and the published results discussed in reference [4] .It will be noticed that the increase in the frequencies with increasing amplitude is more pronounced in the case of rectangular plates, and its less pronounced for skew plate with increasing skew angle θ.
